Objective: To describe a new measure, the unintended pregnancy risk index (UPRI), which is based primarily on attitudinal and behavioral measures of women's prospective pregnancy desire, and compare it to the unintended pregnancy rate, typically calculated retrospectively.
Introduction
The rate of unintended pregnancy in a population is a key reproductive health measure. Births that follow unintended conceptions have been found to be associated with increased risk of many negative health and social outcomes, independently or because of their association with women's disadvantaged social and economic status [1] [2] [3] . The unintended pregnancy rate in the United States decreased substantially between 2008 and 2011 but is relatively high [4] , and large disparities by income and race/ethnicity remain [4] . For these reasons, reducing the unintended pregnancy rate remains a national public health goal [5] .
However, the limitations of and the potential for improvements to the measurement of unintended pregnancy have been the focus of extensive research and critical debate [2, [6] [7] [8] [9] . For one, traditional estimates of national unintended pregnancy rates combine information about births and miscarriages from the National Survey of Family Growth (NSFG), a nationally representative in-person survey of women and men aged , with data about abortions from other sources because abortions are underreported in the NSFG. This methodology has permitted consistent tracking of trends in the unintended pregnancy rate over time [4, [10] [11] [12] , but it is also data-intensive.
In the past, the NSFG was conducted periodically (about every 7 years), making it difficult to produce updated estimates of unintended pregnancy rates in a timely manner. In 2006, the NSFG switched to a continuous format, collecting data year-round in an uninterrupted fashion [13] . However, the surveys of abortion providers and patients are undertaken less frequently -once every 6 years -due to the substantial cost and effort necessary to field them [14, 15] . Thus, despite the shift to more frequent NSFG data, the requirement for external data on induced abortion still limits frequent monitoring of unintended pregnancy rates. In addition, to measure intendedness, the NSFG asks each respondent to retrospectively recall whether she had wanted to have a baby right before she conceived each of the pregnancies she experienced [16, 17] . The retrospective measure has been critiqued because of the potential for recall bias [18, 19] .
The limitations of the traditional measure highlight the need for measures that approach the concept of intendedness from new angles. A measure that looks at pregnancy desire prospectively -before the woman has become pregnant -and incorporates both behavioral and affective measures could provide a strong complement to existing retrospective measures. Moreover, since nonuse and sporadic use of contraception are major contributors to unintended pregnancy [20] , we see value in situating these factors within the context of other factors that define the population at risk of unintended pregnancy, such as fecundity and pregnancy desire.
To respond to the need for more frequent surveillance of unintended pregnancy rates and improve our understanding of intendedness, we develop a methodology for estimating an alternate measure of unintended pregnancy based solely on NSFG data, which we term an unintended pregnancy risk index (UPRI). This measure is an extension of prior research developing and refining a pregnancy risk index (PRI), which combines the risk from sexual activity, protection from contraceptive method use and the method failure rate into one quantity. The PRI appears to be a valid measure for examining trends in pregnancy risk across multiple data sources and populations [21] [22] [23] [24] [25] . The UPRI incorporates information on women's self-reported current contraceptive use (such women are assumed to be seeking to avoid pregnancy), the prospectively reported pregnancy intentions among those not using and the estimated effectiveness of their contraception. By relying on data solely from the NSFG, the UPRI is a simpler, quicker measure that can be produced soon after the NSFG is released, in contrast to the unintended pregnancy rate, which requires supplemental data and analyses.
This paper provides the first evaluation of the validity and usefulness of the UPRI as a surveillance and analytical tool. We contrast the trends and patterns of demographic subgroup differentials estimated with this new methodology against the retrospective methodology that uses the full complement of data sources and the retrospectively reported pregnancy intentions. Finally, we use statistical decomposition to attribute changes in the UPRI to changes in contraceptive use patterns and changes in contraceptive effectiveness.
Materials and methods

Data
The NSFG is a national probability survey of the noninstitutionalized population of men and women aged 15-44 in the United States [17, 26] . The NSFG uses a multistage, stratified, clustered sampling frame. Interviews included in this analysis were conducted from January 2002 to March 2003 and then continuously from June 2006 to June 2010 and September 2011 to September 2015; we include data from each year within the data collection periods, but for simplicity, we refer to the midpoints in each of these period in our analyses of trends: 2002, 2008 and 2013, respectively. Methods of data collection and dissemination of the public-use dataset were reviewed by NCHS's Institutional Review Board. All analyses were limited to women aged 15-34 at the time of the interview (N=22,047 over the three periods), as impaired fecundity and infertility are much higher after age 35 [27] [28] [29] . Earlier research suggests that unreported infecundity among women aged 35-44 incorrectly inflates the pregnancy risk index [24] and thus, presumably, the UPRI.
Measures
We calculated the UPRI for each period estimating the annual risk of becoming unintentionally pregnant on a scale from 0 to 100. We calculated the UPRI separately for all women overall and those at risk of unintended pregnancy (defined as being fecund, 1 sexually active during the interview month, not surgically sterilized, neither currently pregnant nor postpartum, and not seeking pregnancy). Women using contraception were included in the latter group since they were considered conceptually to be "at risk" due to their efforts to prevent unintended pregnancy. In the overall estimate, individuals not included in these parenthetical groups were assigned a UPRI of zero, as they were not exposed to the risk of unintended pregnancy. Although there are other measures of sexual activity that are available, such as whether the respondent was sexually active in the past 3 months [30] , we considered the 1-month measure to be most analogous to the contraceptive use measure, which focuses on the month of interview. We consider contraceptive use to be a behavioral indicator of the desire to avoid pregnancy; for women in this category, who comprise the majority of women, their specific UPRI was estimated as the contraceptive failure rate (CFR) for the contraceptive method used during the interview month [31] .
Among women using more than one method, the UPRI score was calculated as the product of the two most effective methods' CFRs, following an approach used by researchers previously [23] . Nonusers of contraception were asked, "Is the reason you are not using a method of birth control now because you, yourself, want to become pregnant as soon as possible?" Women reporting that they wanted to become pregnant were assigned a risk of zero in the UPRI for all women and were excluded from the analytic sample limited to atrisk women. Women who were sexually active and not using a method but not wanting to become pregnant were assigned a CFR of 85% based on published estimates of the risk of pregnancy from noncontraceptive use [32] ; all of these pregnancies would be considered unintended and included in the UPRI. The overall UPRI was then estimated as the mean of all women's individual scores, while the estimate for those at risk of unintended pregnancy was restricted to the scores from the subset of at-risk women. [31, 33] . Typical-use CFRs are the number of pregnancies occurring among 100 women using a specific contraceptive method within 12 months of initiating use. They reflect both the intrinsic efficacy of contraceptive methods as well as the challenges women experience using methods consistently and correctly. Given recent research that suggests significant variation in CFRs by race, we used race-specific CFRs that were available for three methods: pill, condom and withdrawal. Otherwise, overall CFRs were used (see Table 1 ).
Analysis
Not all women are at risk of unintended pregnancy. To provide context, we examined each of the factors that contribute to unintended pregnancy risk (pregnancy status and pregnancy intention, fecundity and sexual activity) as well as the overall proportion of women aged 15-34 who were at risk for unintended pregnancy at each time point. We then limited our analysis to the group of women who were at risk, and because method use is a key factor driving unintended pregnancy risk for each woman, we calculated the percentage of sexually active women using each specific contraceptive method(s) at the time of the interview. We also focused on methods with lower CFRs (Table 1) to examine the percentage of sexually active women using more effective (i.e., IUD, implant, injectable, pill, patch and ring) and most effective (i.e., contraceptive sterilization and long-acting reversible contraception such as the IUD and implant) contraceptive methods. In order to understand what method-use changes might be driving changes in the UPRI, we used bivariate logistic regression to test for significant changes over We then took the method-specific CFR multiplied by the proportion of women using that method to calculate the mean UPRI among all women and among all women at risk of unintended pregnancy. The earlier failure rates were applied to the 2002 data, whereas 2008 CFRs wereused for 2008 and 2013. Among women at risk, we also calculated the UPRI by key demographics including age, race/ethnicity, marital status and income as a percentage of the federal poverty level. Paired t tests for the difference in means were used to test for Finer et al. Page 4 significant changes over time. We also calculated the annualized percentage change over time using the formula ((UPRI t2 /UPRI t1 ) ( 
To assess the extent to which the change in UPRI from 2002 to 2013 was due to changes in contraceptive failure rates or changes in contraceptive method mix, we used a standard demographic decomposition formula [34] . We calculated a standardized rate for both 2002 and 2013; the difference between the two is the amount we would expect the UPRI to change from 2002 to 2013 if only the failure rates had changed during that time. We then divided the change in standardized rate between the two time periods by the observed change in rate for the same time frame to estimate the proportion of the observed change in UPRI that was due to shifts in contraceptive failure rates. The expected proportion of change due to contraceptive method mix was calculated as the complement. We used sampling weights provided by the National Center for Health Statistics with the svy command prefix in Stata 14.1 to adjust for the complex survey design of the NSFG data [35] .
Finally, to visually inspect the comparability of the trends in the UPRI to previously estimated trends in the unintended pregnancy rate, we graphed the mean UPRI among all women along with estimates of the retrospective unintended pregnancy rate among women aged 15-34 years [4, 36] . Table 2 presents the percentage of women aged 15-34 years by pregnancy intention, pregnancy status and sexual activity. Overall, there was little change in these measures. For all time periods, more than 95% of women were not seeking pregnancy at the time of interview, and the vast majority of women were not currently pregnant and did not report that they were infecund. Contraceptive use patterns over the three time periods indicate a significant increase in the use of any method by sexually active women at risk of unintended pregnancy, with a countervailing significant decline in the share of women using no method (Table 3) . Additionally, there was a statistically significant increase from 2002 to 2013 in the share of women reporting multiple method use (two or more methods) in the month of the interview.
Results
While the use of more-effective methods (IUD, implant, injectable, pill, patch and ring) as a group remained unchanged, there was a shift toward the most effective methods within this group. IUD use increased significantly between each time period and from 3% to 14% across the entire time frame. From 2002 to 2013, implant use significantly increased from 0.5% to 3%, whereas pill use declined significantly from 43% to 31%. Withdrawal increased The decomposition analysis (not shown) found that among women at risk, 47% of the change in UPRI from 2002 to 2013 was attributable to improvements in CFRs. The remaining 53% was due to changes in contraceptive method mix, including shifts in the percentage of women using any method as well as changes in the proportions of women using each method. However, we see a decline in the UPRI earlier in the period, while the decline in the retrospective unintended pregnancy rate occurs later in the period. The 2008 period was an unusual one in that adolescent pregnancy rates experienced an uptick in an otherwise longer downward progression, which may partially explain the larger difference between prospective and actual realized rates during this period.
Discussion
Our goal was to develop and assess the value of a new measure of unintended pregnancy risk using data solely from the NSFG. Both the trends and differentials in our estimates of the UPRI parallel previous patterns seen in the retrospective unintended pregnancy rate [4] .
By focusing on behavioral components of the UPRI, our decomposition analysis provides evidence that the decline in the UPRI among women at risk has been driven by changes in several factors, including the method mix -the proportion of women using any method and the proportion using each specific method, multiple methods and long-acting methods -as well as changes in how effectively women are using their method(s) of contraception.
Nonuse of contraception has been identified as a key behavioral determinant of unintended pregnancy, and reducing the size of this group can help to reduce unintended pregnancy risk; prior analyses indicated that the 14% of women at risk who do not use contraception account for 54% of all unintended pregnancies [20] . Given the high risk of pregnancy associated with method nonuse, an increase in the share of women using any contraceptive method decreases the UPRI, regardless of which specific method is used [37, 41] . Furthermore, the increase in use of two of more contraceptive methods and the concomitant increase in withdrawal highlight the involvement of men in couples' contraceptive use.
This analysis documents increases in use of long-acting contraceptive methods (LARC) among women at risk of unintended pregnancy, corroborating findings in other studies [38] [39] [40] . We find that increases in LARC use occurred simultaneously with declines in the share of women using other effective methods, resulting in about half of women at risk of unintended pregnancy using an effective method in each time period. Still, within this category, women shifted to methods with a lower CFR, as LARCs have greater efficacy than other hormonal methods, lowering the UPRI.
These analyses incorporated new typical-use CFRs estimated from the 2006-2010 NSFG, which decreased compared to estimates derived from earlier rounds of the NSFG, indicating improvements in how couples use contraception [31] . Our decomposition found that these improvements accounted for half of the estimated decline in the UPRI, highlighting their importance. However, if contraceptive failure rates continued to improve (i.e., decline) after the 2006-2010 period, the true UPRI in later years may in fact be lower than our estimates. More research is needed to document and understand the reasons for the observed improvements in contraceptive efficacy, to continue to monitor future patterns and to identify interventions to support further improvements.
In addition to serving as a surveillance tool, the UPRI also has the potential to improve the provision and quality of family planning services. Recent clinical recommendations put forth by the U.S. Centers for Disease Control and Prevention and the Department of Health and Human Services [41] not only emphasize what and how family planning services should be provided in order to help people achieve their childbearing goals, they also highlight the importance of quality improvement in the context of family planning service provision [42, 43] . To this end, the UPRI, if calculated in clinical settings, could guide how clinicians provide contraceptive services based on women's reproductive intentions and highlight particular subpopulations in which needs may not be met. Furthermore, the UPRI could be informed by clinical approaches such as the One Key Question initiative [44] , which assesses women's pregnancy intentions and, in turn, their contraceptive preferences; this information could be used to calculate the UPRI within health care settings and further improve the provision of contraceptive services.
Our analysis is subject to a few limitations. While women who were not using any contraceptive method were assigned a failure rate of 85%, this figure may be higher than what happens in practice [45] , which would mean the UPRI is overestimated. To test the robustness of the estimate, we recalculated the UPRI using a no-method failure rate of 40%, 60% and 100%. As expected, the absolute level of the UPRI was higher when the no-method failure rate was higher, but trends over the study period were similar when using each of these no-method failure rates.
Many women reporting use of a method at the time of the NSFG survey interview may have been using the method continually and successfully for years so that their actual risk of failure is much lower than "typical use" failure rates, which are measured among women initiating use of a method (whether for first time or they are returning to use). These women are likely to have lower failure rates than the "typical use" estimates, which would mean the UPRI is actually lower than our estimates.
By using prospectively reported pregnancy intentions and behavioral indicators, the UPRI is responsive to calls for new approaches to conceptualizing and measuring pregnancy intentions. The UPRI prioritizes behavioral indicators: all pregnancies predicted among women using contraception are considered unintended because we assume that women are using contraception because they do not intend to get pregnant. However, other studies have found that some women retrospectively report that while their pregnancy was unintended according to the retrospective measure, they were happy about the pregnancy [46] [47] [48] [49] . The UPRI does not identify these or other types of nuanced feelings toward a pregnancy. Further research could investigate the relationship between pregnancy wantedness and pregnancy intentions and how both relate to use of contraception.
In conclusion, the UPRI can serve as an additional tool that can complement surveillance of unintended pregnancy rates. It has the advantage of being calculable for any population for which data on prospective pregnancy desire, pregnancy risk and contraceptive use are available. With these data items being collected continuously in the NSFG and with data releases every 2 years, the UPRI allows for the production of new estimates immediately following availability of the NSFG. Moreover, a prospective measure can be calculated for the same time period when data were collected because women are reporting their intentions at time of interview. This is more contemporaneous than a retrospective measure, which must look back over several years of actual pregnancies to obtain a sufficient sample size. The UPRI can be calculated for women specifically at risk of unintended pregnancy, allowing for a focus on the effects of changes in contraceptive use. And if calculated consistently over time, it can be used to assess trends in risk. UPRI and unintended pregnancy (UP) rate, women 15-34 years. d Individuals who were surgically sterilized for contraceptive purposes were considered fecund.
e This is the sample analyzed in Table 3 .
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